INTRODUCTION
It is well-known that introduction of fluorine atom or fluoroalkyl group into heterocyclic compounds may have a profound influence on their chemical, physical and biological properties. 1 The incorporation of fluorine atoms into the molecule of organic compound can increase its metabolic stability, allows modulate its volatility, lipophilicity, solubility, acidity, basicity, hydrogen-bonding, steric and electronic effects, facilitate transport via cellular membranes. 2 Today undeniable fact is that fluorinated compounds play a substantial part in development of new anticancer and antiviral agents, anti-inflammatory and antihypertensive drugs, contraceptives and other. 3 compounds (1, 2) possess various types of biological activities and some from them are used as drugs in medicine. 4, 5 In this context, the development of novel fluorinated 1,3-dicarbonyl compound chemistry is of considerable interest. As far as we are concerned one of the most promising strategies in this area deals with the synthesis and reactions of 2-functionalized fluoroalkylated 1,3-dicarbonyl compounds. In this review the transformations of these versatile building blocks and synthetic strategies towards fluoroheterocycles will be presented taking into account the recent literature data.
II. SYNTHESIS OF 2-FUNCTIONALIZED FLUORINE-CONTAINING 1,3-DICARBONYL COMPOUNDS
Fluoroalkyl-containing 2-hydroxyimino-3-oxo esters (3), 2-hydroxyimino-1,3-diketones (4) were obtained by nitrosation of corresponding 1,3-dicarbonyl compounds (1, 2) (Scheme 1). [7] [8] [9] [10] According to IR, NMR 1 H, 19 F and 13 C spectroscopy, fluoroalkyl-containing 2-hydroxyimino-1,3-dicarbonyl compounds (3, 4) exist in solutions of CDCl 3 and (CD 3 ) 2 СO as a mixture of Z,E-isomers of diketohydroxyimino tautomers. The coupling of fluorinated 3-oxo esters (1) with aryldiazonium salts is used for the preparation of 2-arylhydrazono-3-oxo-3-fluoroalkylpropionates (5) (Scheme 2). Polyfluoroalkyl-containing 1,3-diketones (2) are coupled with aryl-and (antipyrin-4-yl)diazonium chlorides in the presence of sodium acetate to afford 2-arylhydrazones of 1,2,3-triketones (6) (Scheme 3). [11] [12] [13] [14] [15] [16] [17] [18] The IR and NMR spectra of compounds (5, 6) indicate their presence in the CHCl 3 solution and in the crystals as a hydrazono-diketo tautomer, although both keto-enol and azo-hydrazone tautomerisms are possible for these compounds. 11, 12, 18 Polyfluoroalkyl-containing 1,2,3-triketones 2-hetarylhydrazones (A) were not isolated from the reactions of 1,3-diketones (2) with hetarylamine that has NH-group at the α-position of heterocycle as the diazonium component (4-ethoxycarbonylpyrazol-3-yl-and 1,2,4-triazol-3-yl diazonium chlorides). Under the reaction conditions they readily cyclized to 4,7-dihydroazolo[5,1-c][1,2,4]triazines (7) (Scheme 3). 18 The cyclization occurs through nucleophilic addition of the amino group of the azole fragment to the polyfluoromethyl-substituted carbonyl group. The structure of ethyl 6-benzoyl-7-hydroxy-7-polyfluoromethyl-4,7-dihydroazolo [5,1-c] - [1, 2, 4] triazine-3-carboxylate (7) was confirmed also by the single-crystal X-ray diffraction analysis. 18 This cyclic derivative of hetarylhydrazone is stabilized due to the participation of the hydroxyl group in an intramolecular hydrogen bond with the carbonyl group of the benzoyl fragment. 
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The X-ray investigation showed that tetrahydropyranes (9) are characterized by the chair conformation with the aryl, alkoxycarbonyl and polyfluoroalkyl groups in equatorial positions and hydroxy groups in axial ones. 21 The attempts to dehydrate tetrahydropyranes (9) upon refluxing in toluene with azeotropic removal of water in the presence of p-toluenesulfonic acid were unsuccessful. Evidently, tetrahydropyrane structure of these heterocycles is stable due to the presence of the electron-withdrawing fluoroalkyl substituents.
Besides, the participation of hydroxyl groups in the formation of intra-or intermolecular hydrogen bonds with the ester substituent also prevents from dehydration. The interaction of fluorinated 3-oxo esters (1) with triethylorthoformiate gives 2-ethoxymethylidene-3-oxopropionates (11) which can be converted into 2-alkyl(aryl, hetaryl)aminomethylidene-3-oxo esters (12) in the reactions with the primary amines (Scheme 5).
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Esters (12) can be obtained also by three-component condensation of esters (1) Fluoroalkyl-containing 2-halogenated 3-oxo esters were prepared by halogenation of 3-oxo esters (1) with molecular chlorine or bromine. Chlorination of 3-oxo esters (1) with equimolar amounts of chlorine gives stable 2-chloro-3-fluroalkyl-3-oxopropionates (13). 26, 27 According to IR and NMR, esters (13) exist as a tautomer mixture of keto and enol forms. 27 Opposite to 2-chloro-3-oxo esters (13), Acylation of non-fluorinated 1,3-dicarbonyl compounds (diethyl malonate (15) , ethyl acetoacetate (16) and acetylacetone (17) ) with polyfluorocarbonic halogen-anydrides is used for synthesis of fluoroalkyl-containing 3,3'-tricarbonyl compounds (18) (19) (20) 29,30 (Scheme 7). 
Scheme 8
According to IR and NMR spectroscopy fluorinated 2-cyano-3-oxo esters (24) are enolized practically completely.
III. SYNTHESIS OF HETEROCYCLES ON THE BASE OF FLUORINE-CONTAINING

2-FUNCTIONALIZED 1,3-DICARBONYL COMPOUNDS
Reactions with α-dinucleophiles
Cyclocondensation at β-dicarbonyl fragment is known to be typical for non-fluorinated and fluoroalkyl-containing 1,3-dicarbonyl compounds (1, 2) in the reactions with hydrazines. It is the most common method for construction of pyrazoles derivatives. The use of substituted hydrazines can lead to the formation of individual regio-isomeric 3-R F and 5-R F -pyrazoles or a mixture of these isomers. 4, 33, 34 The reactions of fluoroalkyl-containing 3-oxo esters (1) result in mainly one regio-isomer, viz 3-fluoroalkyl-5-hydroxypyrazoles (25) . Diamine is likely to attack initially at β-keto group (Scheme 9).
The possibility of the isolation of hydrazones (26) (32) was isolated from the reaction of ester (3) that has trifluoromethyl substituent. Pyrazolidin-3-one (31) with the trifluoromethyl residue is dehydrated easily on heating to give 4-hydroxyimino-3-trifluoromethylpyrazolin-5-one (33) . On the contrary pyrazolidin-3-one (31) having nonafluorobutyl substituent is more stable to dehydration. It is obviously due to the formation of hydrogen bond between hydroxyl group and β-fluorine atoms of nonafluorobutyl substituent. The condensations of 2-hydroxyimino-1,3-diketones (3) with hydrazines produce 4-nitrosopyrazoles (35) and with phenylhydrazine furnish 5-hydroxy-4-hydroxyimino-1-phenyl-5-fluoroalkylpyrazolines (36) (Scheme 12). 9 The stabilization of pyrazolines (36) is the result of the presence of the electron-withdrawing fluoroalkyl substituents. (6) and their cyclic derivatives (7) were used as the starting building blocks for the synthesis of polyfluoromethyl-containing pyrazoles. 12, 13, 17, 18 The compounds (6) react with hydrazine hydrate, methylhydrazine, phenylhydrazine and 2-hydroxyehtyl- The cyclocondensation of non-symmetrical mono(polyfluoromethyl)-containing 1,2,3-triketones 2-(het)arylhydrazones (6) with substituted hydrazines can afford 3-R F -regio-isomeric pyrazoles (39) that was determined by the X-ray diffraction analysis. 18 In contrast 1,2,3-triketones 2-arylhydrazones (6) and 7-fluoroalkyl-4,7-dihydroazolo[5,1-c]triazines (7) react with hydrazides of benzoic and isonicotinic acids and thiosemicarbazide to form 4-(het)arylazo-5-hydroxy-5-polyfluoroalkyl-2-pyrazolines (40) (Scheme 15) as a result of initial addition of the hydrazide primary group to the carbonyl group connected with non-fluorinated substituent. For fluorine-containing 2-cyano-3-oxo esters (24) in the reactions with hydrazines depending on the conditions two processes are competing: the formation of salts (44) under mild conditions and acid cleavage to produce polyfluorocarbonic acids hydrazides (45) under more severe reaction conditions (Scheme 18). 32 Such cardinal change in the reactivity of esters (24) is the result of their acidity increase due to the presence of the electron-withdrawing cyano group. The introduction of such functional groups as acyl, ethoxymethylidene, arylidene substituents in meso-position of 3-oxo esters (1) results in the change of the direction of pyrazole cycle formation.
Heterocyclization occurs with the participation of these groups and fluoroacyl fragment and without the participation of alkoxycarbonyl substituent.
Information about the reactions of 2-alkoxymethylidene-3-oxo esters (11) with alkyl, aryl hydrazines is conflicted. So, the formation of 3-R F -4-alkoxycarbonylpyrazoles (46) as a result of hydrazine primary amino group condensation at fluoroacyl substituent and followed by substitution of alkoxy group in methylidene fragment by the diamine secondary amino group is described in Japanese patents 38 (Scheme 19). However, Bec and co-worker 39 reported that these reactions afford regio-isomeric 5-R F -4-ethoxycarbonylpyrazoles (47) due to the initial condensation of the primary amino group at ethoxymethylidene fragment and followed by cyclization at fluoroacyl residue. 
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Scheme 23
The transformations of 2-arylidene-3-oxo esters (8) are complicated by a tendency to decomposition. So, the esters (8) in the reaction with hydrazine hydrate easily convert into tetrahydropyranes (25) due to the partial decomposition (Scheme 24). 43 Under the treatment with anhydrous hydrazine the decomposition is the basic process, as pyrazoles (25) typical for the reactions of 3-oxo esters (1) were isolated in this case.
Preparations of 4-alkoxycarbonyl-3-fluoroalkyl-3-hydroxy-1-phenylpyrazolidines (51) 
Reactions with ethylenediamine
Fluoroalkyl-containing 3-oxo esters (1) interact with ethylenediamine to give various products. It is likely that the initial process in these reactions is the formation of salts, which can be isolated. The further reaction direction is determined by the structure of fluoroalkyl substituent and the reaction conditions. 
Scheme 26
The use of methanol as a solvent in the reactions of 3-oxo esters (1) with ethylenediamine leads to simplification of the reaction composition. 34 The reaction direction is determined by esters (1) acidity. (Scheme 32). 41 Obviously, the initial dinucleophile attack proceeds at polyfluoroacyl group. However, introducing 2-hydroxyimino group in 1,3-dicarbonyl compounds changes customary reaction course in a number of cases. So, interaction of 2-hydroxyimino-3-oxo esters (3) and 1,3-diketones (4) with o-phenylenediamine in methanol, benzene or toluene results in the substituted quinoxalines (76-79) (Scheme 36). 48 The formation of quinoxalines in these reactions is possible due to the diamine cyclocondensation at hydroxyimino fragment and one of carbonyl groups of the starting compounds (3, 4).
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Scheme 32
Reactions with o-phenylenediamine
These reactions are the region-directed since the nucleophilic attack is realized at the least steric laboured It is likely that the initial step in the formation mechanism of the reaction leading to benzimidazoles (83) and (84) In general, 2-functionalized fluoroalkyl-containing 1,3-dicarbonyl compounds are available and versatile building blocks for the synthesis of various heterocyclic systems. All above mentioned makes it possible to consider these compounds significant for the future research in the area of heterocyclic and medicinal chemistry.
